-A188 844 DC CONDUCTIVITY STUDIES OF AN HYDROXIDE I
T INTERNEDIRTE TEN (U) STRNFORD UNIV CA DEPT OF
RIALS SCIENCE AND ENGINEERING
UNCLASSIFIED S CROUCH BAKER ET AL 30 JUL 8? TR-7 F/G 7/4 NL.




| mw_w___
= EFms

-
[ RN

Ce g™ _\‘\




y——

REPORT DOCUMENTATIUN PAGE

s PEPOAT SECVRITY C_ASS:F CAT QMg
UNCLASSIFIED
.SECLAITY CLASSIPICATION AUTHRON

, CECLASSIFICATION/OOWNG )

ZLECTE
SEPS

0. MESTRICTIVE MAAKINGS -, v,
£

0 1887

3 OISTRIBUTION/AVAILABILITY OF REPORT

Approved for public release; discribution
unlimited

» 4 [ 4 NUMBEAS) S MONITOAING OAGCANIZATION AEPOAT NUMBERNAR (S

ti- (‘n;onumo ORGANIZATIO e NOOOL 484 ~K-0648 (
it g

ﬁ. P PERBOAMING QAGANIZATION 8. OPFICE SYMBOL 7e. NAME OF uom?o!lma QRGANIZATION

O ;f:foﬂuggins.N - (11 spsiicabia) Office of Naval Research

. Stanford University Dr. Harold Guard

W ADOAESS (City. State and ZIP Coda) ] Tu. ADOARSS (City. Statr and ZIP Coda)

7Y Dept. Mat. Sci. & Eng. Chemistry Division, Code 413

i Peterson 5501 800 North Quincy Street

Stanford, CA 94305-2205

Arlington, VA 22217

NaMg OB FUNOINGIPONSOAING 8.

QAGAMIZATION

QPR . CE SYMBOL
Ul applcabie)

9. PAOCUAEMENT iINSTAUMENT IOENTIBICATION NUMBEAR

AQORESS (City. Stata and Z/P Cods)

AD-A

10. SOUARCE OF SUNDING NOS.

PROGRAM PROJRCT TASK WORK UMIT
CLEMENT NO. ~Q, NG NQ.
634-845

TITLE (Incindes Secunty ClawiNcsicon)

"DC Conductivity Studies of
PRASOMNAL AUTHONS)

S. Crouch-

. TVYPQ OF AGPOAT 130 TiME COVERED 14, OATE OF REPOAT (Yr, Mo, Dey) 18. PAGE COUNT
sAOM TOo '

Tech ° ——

SUPPLEMIEINTARY NOTATION

Submitted as an Accelerated Brief Communication

to the Journal of the Electrochemical So

CQOSATI CODES
SM0UP

19 MR-1.)

£.0

1R SUBLECT TRAMS /Connnue on reverse if necesmery énd idaniify by bloed num ber)

AGSTRACY (Continue oa mverse i nectwary and 1dennly By dioch numbery

In this study, preliminary experiments are conducted on an hydroxide ion-conducting

electrol:te,
intermedi{i:.te tempcratures.

has been easured as a function of temperature and applied voltage.
that, under the conditifons employed in this work, DC charge conduction is due to the
transport of hydroxide ions derived from the LiOH contained in the structure, rather

than by electronic species.
/I
{

A

which may have potential for application to the electrolysis of steam at
In this work, the DC conductivity of wet LiEAlO

samples
is proposed

JISTAIGUTICN/AVAILABILITY Q?_ABSTRACT

. assimgorunumTEo O samg as amr J oi.cusens O

1. ABSTFACT STCURITY CLASS 'SICATION

NAME OF AZSPONSIE. € 'NUIVIOUAL

-

LT
e, QPPICE SYMBOL

A

= T ————

220 TELEPHONE NUMBEA
tinclud Aree Code!

FORM 1473, 83 4P

ms. 894

cf. mg. 851

.N}:’v.-,-,‘:“)-;_._-’_( "
IJLI4-".. e

€0ITION OF 1 JAN 7318 OBSOLETE.

e f»;-f*{&m.&d“u. o

-

-
CRMAIIL AP 7 AARB D - -

\

S 23 026

s R

Tt

m



Y % e

- -
P LA

Py % S
PR AV AR -

PRI
Y
":"l,l'(‘l
A

E) l'l‘

by
v e
oot
«
'
B Y

I:.A; '.. N

- - e
SASL (R
R A <
oSl Sl S L R e

“*,
'l. i
3

Cas

o AR e
%&hk- Pl

K LA
Y -l .l
J:“.'\.'

Gt

s
PN {
XA
| S TS S DR W

.
@
J&v

“',r X ATWE g Lo
R LA Al o2 ody )

Ny

. . - »
' d 4 I
AN LR '- .Q.L'-‘Q'!‘l‘n.l'-.l'- "!‘l.’.l'!'t'. l'i ’\"‘!}"{‘ |'."

OFFICE OF NAVAL RESEARCH
Contract No. N00014-84-K-0643

Task No. 634-845

Technjcal Report No. 7

DC Conductivity Studies of an Hydroxide lon Conductor
at Intermediate Temperatures

by
S. Crouch-Baker and R. A Huggins

Submitted to the Journal of the Electrochemical Society

Stanford University
Department of Materials Science and Engineering
Stanford, CA 94305-2205

July 30, 1987

Reproduction in whole or in part is permitted for any purpose of the
United States Government

This document has been approved for public release and sale,
its distribution is unlimited

o () o '\_-'N"‘-"'-"\ ANy

olo!‘ nnnnnn 1% 9034




r'. (A

X
'.-l

approaches have involved the use of systems
containing solid ion-exchange polymer electrolytes
at 80°C (3). In addition, several proton - conducting
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12 INTRODUCTION ionic conductivity of LigA10, in a wet
- There is continued interest in the development grr;‘yironmcnt in t}gc temc;l)c_raturc drangc 415 - 450°C.
. of an electrochemical process for the production of . l'sl was not observe lm fa ‘c'iy °.“;"°“me“." A
s hydrogen. Much of the current activity in this area sm&x ar Increase wast adso 18“1“1 w;\t pu;c 1.110!-[.
P involves the development of high temperature and it was suggested (10,11) that the large
2 steam electrolysis technology operating at about conductivity increase in  LisAlO,4 in a wet
1000°C, which shows promise for significant environment is due to the formation of LiOH in the
L reductions in electrical energy requirements grain boundaries, according to the reaction:
(B compared to traditional water electrolysis at LisAlO4 + 2 HyO = 4 LiOH + LiAlIO,
S ambient, or near ambient, temperatures. This is due In addition, the results of DC polarization
< to favorable thermodynamic and kinetic factors at experiments were interpreted (9-11) as indicating
N elevated temperatures (1,2). Other commercial the presence of appreciable amounts of electronic

conduction in some cases.
In this work, the DC conductivity of wet

) ; - Li¢cAlO, samples has been meas i
solid electrolytes have been investigated that might 5 4 P ured as a function

Y

NN be useful for this purpose. It has been found, otf temp;ratu;c and da_p_plxed voltage. It is proposed
o however, that those with the highest conductivity, i)ét’ ‘}’1“ er the gon'mops ;mployei in this work,
;_:: based upon the transport of protons among hyd N .adrge. °°"du‘.m°$fls u; tz'(t)}c{ transport of
<1 donor/acceptor arrays, such as the layered hydrate thyc rsmctcu:gnsatlsnvtch rlo)m tlc 10H contained in
925 HUO,PO,4H,0 (HUP) and the beta" aluminas » ramher than by electronic species.

containing Hy0* and/or NH,*, ions decompose at

EXPERIMENTAL METHODS

S

there is appreciable electronic conductivity at
higher temperatures, and the electrolyte resistance
is quite high.

On the other hand, it has been pointed out that
there would be considerable thermodynamic, as
well as practical, advantages if suitable materials
could be found that would permit the electrolysis of
steam at intermediate temperatures (8). This

N about 50°C and 200°C, respectively (4,5).There has _

.._;1 also been some work on the use of proton LigAlO,4 was prepared by heating together
N conductors based upon doped SrCeOj in the reagent grade Li,O and Al,04 in air at 600°C, as
oS temperature range 700 - 900°C (6,7). But in this case described previously (9-11). Disk-shaped samples

were prepared by cold-pressing, and they were
sintered in air at 600°C prior to use. DC
conductivity measurements were made using Pt foil
electrodes pressed against the samples, which were
held in a glass tube lined with Al foil. At higher
voltages, steady values were obtained after only a
few minutes. Measurements were carried out in a
flowing Ar atmosphere saturated with water.

communication describes the results of some

Y preliminary experiments on an hydroxide ! N I

AN ion-conducting electrolyte which may have

:.r:. potential for application in this area. Fig. 1 shows representative data obtained for

N The ionic conductivity and thermal the variation of conductivity with reciprocal
: .(,':: behaviour of LigAlO4 have previously been studied temperature in the temperature range 390 - 540°C.
Bt in both wet and dry environments (9-11). The These data are similar to those obtained previously

. results of AC conductivity experiments, using (9-11), with the conductivity rising sharply in the

e silver electrodes, indicated a large increase in the range 415 - 450°C. It also has been found to rise less

::\‘«: steeply above that temperature. However, as shown
batr in that figure, the conductivity depends upon the |

*Electrochemical Society Active Member.
Key words: conductivity, hydroxide, electrolysis.

applied voltage. This relationship is illustrated in
Fig. 2 at two different temperatures. It is apparent
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that, in this range, the conductivity rises sharply at
approximately 1 V and begins to level off at higher
voltages. In carrying out these experiments,
continuous DC conductance, i.e. without current
interruption, was observed for up to ten hours. The
results were considerably different when
measurements were made in a water-free
environment. The initial conductance was lower,
and decreased rapidly to negligible values.

The sharp rise in apparent conductivity
shown in Fig. 2 is due to a change in the electrode
reactions at approximately 1 V. This value
corresponds closely to that calculated for the
electrolysis of water vapor (1.07 V at 500°C) in the
relatively narrow temperature range studied here.
Hence, above 1 V the electrode reactions produce
and consume OH" ions, and are presumed to be:

Negative : 2 H,0(g) + 2 ¢” = 2 OH" + H,(g)
Positive: 20H" = Hy0(8) + 1/1204(g) + 2 €

Thus the overall reaction results in the
transport of OH" through the electrolyte,
presumably with the decomposition of water vapor,
leading to the production of hydrogen on the
negative electrode side and oxygen on the positive
electrode side of the cell.

Hence, such materials show promise as
potential electrolytes for the electrolysis of steam at
intermediate temperatures. Further studies are
underway.
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Fig. 1. Variation of DC conductivity with
reciprocal temperature for wet LigAlO,. Results are

shown for two different applied voltages.
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Fig. 2. Variation of DC conductivity with applied
voltage, E, for wet LigAlO,. Results are shown for
two different temperatures.
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